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SUMMARY 


Some experimental results are presented from wind-tunnel studies of a 
dynamic model equipped with an aeromechanical gust-alleviation system for 
reducing the normal acceleration response of light airplanes. The system uses 
two auxiliary aerodynamic surfaces mounted on the fuselage below the wing. 

Each surface is hinged about a chordwise axis to change its dihedral angle in 
response to gusts. As the auxiliary surface dihedral changes, the flaps on 
the wing are driven by interconnecting linkages so as to maintain nearly con- 
stant lift on the wing. The gust-alleviation system was implemented on a 1/6- 
scale, rod-mounted, free-flying model that is geometrically and dynamically 
representative of small, four-place, high-wing, single-engine, light airplanes. 
The model was tested at the scaled cruise velocity in the Langley transonic 
dynamics tunnel using gust-generating vanes. The vanes generated sinusoidal 
vertical gusts of slowly varying frequency in the test section where the model 
was mounted with vertical and pitch degrees of freedom. Flaps with different 
spans, two different sizes of the auxiliary surfaces, plain and double-hinged 
flaps, and a flap-elevator interconnection were tested. The model test results 
are presented in terms of predicted full scale airplane root-mean-square 
response to atmospheric turbulence. In comparison with the flaps-locked condi- 
tion, certain configurations achieved a reduction of 30 percent in the root- 
mean-square normal acceleration response with the system active. In addition, 
a slight reduction in the pitching-rate response was achieved. Because the 
hinges of the gust-alleviation system had an inordinate amount of friction 
that slowed and limited the response of the flaps, reducing the friction would 
probably increase the alleviation substantially over the 30 percent achieved. 


INTRODUCTION 

A relatively simple aeromechanical gust-alleviation system for light air- 
planes has been under study at the NASA Langley Research Center. This work has 
included both theoretical studies and wind-tunnel tests of a dynamic model. 

(See refs. 1 to The gust-alleviation system consists of a pair of auxil- 

iary aerodynamic surfaces (vanes) mounted below the wing on the fuselage. The 
vanes are mechanically connected to the wing flaps. They are hinged about chord- 
wise axes so that they can change their dihedral angle. When the airplane^ 
encounters a gust, the incremental lift on the vanes causes the vane dihedral 
angles to change. As the vane dihedral angle changes, the mechanical linkages 
force the flaps to rotate. The magnitude of the flap rotation is such that the 
wing lift is changed to compensate for the increase in lift caused by the gust. 
Therefore, when gusts are encountered, the total airplane lift remains rela- 
tively constant, and the vertical accelerations of the airplane are reduced. 

Previous wind-tunnel studies of a simple system with inboard flaps (ref. 2) 
have shown only a 30 -percent reduction in normal acceleration. Furthermore, 
that system produced a significant increase in the model pitching response. 



This response would probably negate some of the improvement in ride quality 
achieved by reducing the normal acceleration response. However, theoretical 
studies (refs. 1 and 4) have indicated that modification of the system should 
make a larger reduction in normal acceleration response possible and should 
improve the pitching characteristics. Hence, some additional wind-tunnel tests 
of the model have been made. The tests included several different trailing- 
edge flap systems as well as other variations in the previously tested system. 
This paper presents the results from these latest tests. 

The wind-tunnel tests were conducted in the Langley transonic dynamics 
tunnel using a 1 /6-scale model that was dynamically and geometrically represen- 
tative of a four-place, high-wing, single-engine, light airplane. The model 
was equipped with the aeromechanical gust-alleviation system and was tested in 
a sinusoidally oscillating vertical gust field. The gust-alleviation system 
(i.e., vanes, flaps, etc.) used in reference 2 was modified for the present 
tests. The tunnel, the basic airplane model, the testing technique, and the data 
reduction methods were essentially the same. (See ref. 2 for a more complete 
discussion of these factors.) Parameters studied during the present tests 
included flap span, plain and double-hinged flaps, a flap-elevator interconnec- 
tion, and vane si 2 e. The data are presented in terms of root-mean-square (rms) 
response of a full scale airplane in atmospheric turbulence as predicted from 
the experimental results . These data are compared qualitatively with the ana- 
lytical results from references 1 and 4. 

SYMBOLS 


bf 

bv 

Ch 


flap span, m 
vane span , m 

hinge-moment coefficient. 


H 

1 pV^SfCf 

2 



Cl 


partial derivative of hinge-moment coefficient with respect to flap 
de flection, 

lift coefficient, 

1 pv2s 

2 



Cl partial derivative of lift coefficient with respect to angle of 


-a 


attack, 

3a 


Cl 


'6f 


partial derivative of lift coefficient with respect to flap deflec- 
3Cl 


tion. 


36 . 


2 



pitching-moment coefficient, 

1 pV^Sc 

2 


partial derivative of pitching-moment coefficient with respect to 
flap deflection (wing-fuselage component only, excluding pitching 

moment due to flap downwash on tail), 


^/wing -fuselage 


mean aerodynamic chord of wing, m 
chord of flap, m 

acceleration of gravity, 9.80 m/sec^ 


hinge moment about flap axis , N-m 


moment of inertia of combined flap-vane system as measured about flap- 

rotation axis, If + Y^Iyt kg-m^ 

moment of inertia of flaps about flap rotation axis, kg-m^ 

moment of inertia of vanes about vane dihedral hinge axes, kg-m^ 

moment of inertia of model about Y-axis, kg-m^ 

flap gain, equal to negative of ratio of flap -deflect ion change to 
angle-of-attack change, 

Aa 


Ky vertical static alleviation factor 

L lift, N 

M pitching moment, N-m 

m mass of airplane, kg 

S area of wing, m^ 

Sf area of flap’, m^ 

V true velocity with respect to undisturbed air mass, m/sec 

X,Y,Z coordinate axes 

a angle of attack, rad or deg 
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Y 

6f 

«v 

e 

P 

an 

aq 

awg 

Wn.f 

8e 

36f 


gearing ratio, 

A6f 

deflection of leading half of flap, positive when trailing edge is 
down, rad or deg 

vane dihedral deflection angle, positive when outboard end is down, 
rad or deg 

downwash angle at horizontal tail, positive downward, rad 
flap-vane damping ratio 
density of air, 1.226 kg/m^ 

root-mean-square normal acceleration response, g units 
root-mean-square pitch rate response, deg/sec 
root-mean-square vertical gust velocity, m/sec 
flap-vane natural frequency, rad /sec 

change in downwash at horizontal tail with respect to flap deflection 


GENERAL DESCRIPTION OF GUST-ALLEVIATION SYSTEM 

A schematic representation of the gust-alleviation system is shown in fig- 
ure 1 . The gust-alleviation system uses two auxiliary aerodynamic surfaces to 
drive the flaps and reduce the vertical response to vertical gusts. A complete 
description of the action of the system and its components is given in refer- 
ences 1 , 2 , and 3 . 


TEST EQUIPMENT 
Wind Tunnel 

The wind-tunnel tests were conducted in the Langley transonic dynamics 
tunnel (TDT). The TDT is a single-return tunnel powered by a motor-driven fan. 
The tunnel test section is 4.88 meters square with cropped corners. 

The tunnel is equipped with a gust-generating system (ref. 5), that pro- 
duces nearly sinusoidal variations in the vertical velocity of the air flow in 
the test section. These variations produce sinusoidal oscillations of the gust 
angle of attack at the model. At the tunnel test conditions used, the amplitude 
of this gust angle of attack varied from about 0.3° at an oscillation frequency 
of 5.0 Hz to 2.0° at an oscillation frequency of 0.5 Hz. 
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Dynamic Model 


General description .- The model was a simplified 1 /6-scale, rod-mounted, 
free-flying model that is geometrically and dynamically representative of a 
small, single-engine, four-place, high-wing, light airplane; this model is the 
one used in reference 2. The model-to-airplane scale factors for Froude number 
scaling are presented in table I. Also included in table I is a comparison of 
model and airplane inertia properties. The mass of the model was approximately 
the desired airplane scaled value, but the pitch moment of inertia ly was too 
large by almost 50 percent. Although the model was not in perfect scale, the 
model responses are considered representative of a full scale, light airplane 
with the system installed. A photograph of the model mounted in the tunnel is 
shown in figure 2. 

Gust-alleviation system .- The geometry of the gust-alleviation system is 
presented in a three-view drawing of the model in figure 3- Notice that the 
loading spring and the elevator-vane incidence interconnection (shown in fig. 1 
and needed on the full scale airplane) were not implemented on the model because 
they do not directly influence the vertical gust responses studied in these 
tests . 

Vanes: The details of the vanes are shown in figure 4. Each vane con- 

sisted of three different sections; inboard, middle, and outboard. The inboard 
section was rigidly attached to the fuselage and provided only structural sup- 
port for the two movable sections. The middle section was hinged about a chord- 
wise axis to permit changes in dihedral angle only. A balance weight was part 
of this middle section and provided dihedral balance for both the middle and 
outboard sections. 

The outboard section of the vane had freedom to change both dihedral and 
incidence angles. It was attached to the incidence pivot shaft (spanwise axis) 
by a set screw so that it could be easily removed and replaced with a different 
size panel without disturbing the linkage or flap. Two panel sizes were used. 

A photograph of the vane with the moving sections displaced is shown in figure 5. 

Flaps: The flaps were divided into three spanwise sections which could be 

actuated Individually or together in any combination (see figs. 6 and 7). The 
two inboard sections of the flap (in place of the standard flap on the full 
scale airplane) were mounted on a torque tube, and the outboard section (in the 
place of the aileron) was mounted on two small hinges. The two inboard sections 
were attached to the torque tube with set screws which could be loosened, if 
desired, to allow the torque tube to turn without moving the flap sections. The 
outboard section of flap was hinged at an angle with respect to the two inboard 
sections because the outboard section of the wing was tapered. (See fig. 3.) 

The outboard section of the flap was, therefore, driven by a ball in a slot to 
compensate for the angular difference (see figs. 6 and 7). This arrangement 
resulted in a rotation of about 1.9° by the outboard section for each degree of 
rotation of the torque tube. The ball was mounted on a drive arm attached to 
the torque tube. The outboard flap section could, therefore, be deactivated by 
simply loosening a set screw in the drive arm to allow the torque tube to turn 
inside the drive arm. 
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Each spanwise flap section had two separate fore and aft sections. The 
aft section was hinged about an axis in the fore section so that it rotated 
with respect to the leading section as shown in figures 6 and 8. This compound, 
double-hinged arrangement is referred to as "articulation" in this paper. The 
geometry of the articulation mechanism was such that the angle between the fore 
and aft sections was approximately 0.9 of the angle between the leading section 
and the wing. The angle of the leading section of the flap (equal to the rota- 
tion of the torque tube) is defined as 6f. The change in wing camber as the 
flap deflected was thus made more gradual with articulation than with a plain 
flap. The mechanism could be disconnected easily to revert to the plain flap 
configuration. 

The flap torque tube was driven by an arm attached to the vane-flap link- 
age. The arm was inside a hole in the wing located forward of the flap and the 
torque tube. The linkage attachment point on the arm could be adjusted to pro- 
vide moment arms of different lengths for different flap-vane gearing ratios. 

The length of the moment arm could be varied to provide a range of flap-vane 
gearing ratio y of 0.4 to 1.7. 

The total moment of inertia about the flap axis is shown in figure 9. The 
total inertias include both the basic flap inertia and the vane inertia reflected 
back to the flap axis. In general, the measured inertia was larger than the 
inertia estimated in reference 3 and smaller than the calculated values based 
on an unpublished engineering design estimate. (The total inertia I about the 
flap axis was shown to be equal to If + I • ) 

Elevator: The elevator was composed of the main elevator and two mini- 

elevator surfaces which could be connected directly to the flaps with linkage 
rods. (See fig. 10.) With the linkages connected, the trailing edges of both 
the flaps and the mini-elevator move down together. The main elevator could be 
independently deflected to provide pitch trim control. 

Mounting system .- The model was mounted in the tunnel using the system 
described in reference 2. This mounting system provided about 3 ni of vertical 
travel, about 30° of pitch rotation, and unlimited freedom in yaw. Actually, 
very little yaw freedom was needed because of the directional stability of the 
model. 

Controls .- The model was equipped with several different features for 
remotely controlling and trimming the model at the desired test conditions, as 
described in reference 2. A servo-controlled elevator was used for tri mmi ng 
the model in pitch; a motor-driven screw was used to control vane incidence for 
trimming the flap. The control commands to these systems were sent from a small 
panel operated manually by a "pilot" in the tunnel control room who observed 
the model's condition. These pilot commands were sent as electrical signals 
through a multi -conductor cable 1 cm in diameter. 
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PROCEDURE 


Wind-Tunnel Tests 


Test conditions .- The tunnel was run using air at ambient atmospheric pres- 
sure and density. The wind velocity through the tunnel test section was held 
constant at approximately 22 m/sec. This velocity was required for Froude num- 
ber scaling at simulated cruise conditions. The Reynolds number at the desired 
test condition was 0.37 x 10^ based on the model wing chord. 

Types of tests .- The two types of tests were (1) tests of the quasi-static 
flap response to determine the flap gain and (2) tests of the model response to 
sinusoidal gusts of slowly decreasing frequency and slowly increasing amplitude 
to determine the dynamic effectiveness of the gust-alleviation system. 


Experimental variables .- The variables studied experimentally were flap 
span, flap articulation, vane size, and the interconnection of flap and mini- 
elevator. The selection of these variables was based on the analytical studies 
presented in references 1 and 4. In reference 1, alleviation was shown to be a 
function of the flap-vane system natural frequency; the larger the frequency, 
the greater the alleviation. If the flap inertia is small in comparison to the 
vane inertia and if the static flap gain (the amount of static alleviation) is 
held constant, the natural frequency is given by the proportionality 


‘*^n,f 


OC 




( 1 ) 


Thus, an effective flap ^large with a long span (large bf) and low 


hinge moment /small C 






should produce good alleviation. 


It was also shown in reference 4 that the alleviation could be increased 
and the pitching response reduced either by reducing the flap downwash on the 


horizontal tail 


3e 




or by making the flap pitching moment 




more nega- 


tive. The mid-span flap should reduce not only because this flap has a 

36f 

smaller area than that of the nominal-span flap but also because it develops a 
trailing vortex off the inboard end, thus causing an upwash at the inboard sec- 


tion of the tail. The effective flap pitching moment 




is made more 


negative by connecting the flaps to the mini-elevator so that both trailing 
edges move down together. 


The combinations of' variables investigated are shown in figure 1 1 where 
flap span, vane size, and flap articulation are portrayed on a set of three 
mutually orthogonal axes. The combinations chosen seemed to be the most prac- 
tical combinations for implementation on a full scale airplane. Three differ- 
ent flap span configurations were tested on the model. The "nominal-span” flap 
was approximately the same size as the flap on the unmodified full scale air- 
plane and was located at the same position. The "mid-span” flap was the nominal- 
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span flap with the small, extreme inboard section fixed (this fixed section had 
an area equal to 20 percent of the area of the nominal-span flap) . The "full- 
span" flap consisted of the nominal-span flap and the outboard flap. 


Data Reduction 

The data reduction procedure was the same as that described in refer- 
ence 2. The model gust response measurements at a given frequency were divided 
by the known gust angles in the TDT and multiplied by the one-dimensional von 
Karman gust spectrum for vertical atmospheric turbulence. Similar calcula- 
tions at other frequencies were multiplied by the appropriate model-to-airplane 
scale factors and were then integrated over the entire test frequency range to 
predict the root-mean-square (rms) airplane responses to a vertical gust veloc- 
ity of 1 m/sec rms. 


RESULTS AND DISCUSSION 
Effect of Flap Span (Using Articulation) 

Quasi -static flap response .- A typical quasi -static flap response, varia- 
tion of flap angle with pitch angle (angle of attack), is shown in figure 12. 

The hysteresis in the data is probably caused by friction in the hinges and 
linkages. The nearly linear slope of the plot indicates that, at least quasi- 
statically, the system operated in a linear aerodynamic region. 

The negative of the mean slope of the data is the flap gain K. The 
reduction in the lift-curve slope and thus the level of static alleviation is 
directly proportional to the flap gain. The actual level of static alleviation 
is measured by the vertical static alleviation factor Ky. Ky is 0 for no alle- 
viation and 1.0 for full alleviation (i.e., an effective lift-curve slope of 0 
on the alleviated airplane). The following formula gives the vertical static 
alleviation factor in terms of the flap gain and the aerodynamic derivatives 
for the unalleviated airplane; 

The level of dynamic alleviation in gusts is determined by Ky and the flap 
response characteristics and Cf* 

The flap gain for all tested conditions was calculated from plots similar 
to that in figure 12. The flap gain as a function of flap-vane gearing ratio 
for the three flap span conditions is presented in figure 13. For a given gear- 
ing ratio, K increases as the flap span is reduced because of the reduced 
hinge moment due to flap deflection. 

Normal acceleration response .- The experimentally predicted normalized rms 
normal acceleration for a von Karman gust spectrum is shown in figure 14. 

The alleviation (reduction in response) obtained for the different flap span 
configurations is practically the same for each except that the nominal-span 
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flap may have slightly less alleviation than the other two configurations. The 
maximum alleviation achieved with any configuration was about 30 percent. This 
level of alleviation is equal to that attained in the previous study (ref. 2) 
which used nonarticulated , nominal-span flaps. The present tests would probably 
have produced more alleviation if the friction level had been as low as the fric- 
tion in the previous study (ref. 2). 

The flaps did not respond to the gusts until the gust amplitude reached a 
relatively high level although the model itself responded at much lower gust 
amplitudes. When the flaps did respond, the flap motion was not smooth but 
showed irregular starts and stops. (For example, see fig. 15(a).) This irreg- 
ular motion was a result of the friction in the gust-alleviation system. This 
type of motion was not apparent in the previous tests (see fig. 15(b)); conse- 
quently, it is believed that the friction level was considerably lower in those 
tests . 

After the dynamic tests were completed, a few measurements of the torque 
due to breakout friction were made. The results of these measurements are pre- 
sented in table II. An estimated gust disturbance of up to 1.2° would be 
required to overcome these breakout torque levels. This level is considered 
excessive because the gust angles produced by the TDT gust-generating vanes 
were usually less than 1.2°. Of course, motion friction such as viscous or 
coulombic friction would probably affect these dynamic tests more than the 
static breakout friction measured in the tests described here. Breakout fric- 
tion is the torque required to start the flap motion and is usually larger than 
the motion friction. These static measurements, however, do give an indication 
of the order of the magnitude of the motion friction problem. 

With this level of friction, the reduction of the normal acceleration 
response (alleviation) was probably less than that which could be obtained with 
lower levels of friction. That is, the friction slowed the flap response and 
this slowing might be compared to a reduction in the flap-vane natural fre- 
quency. As discussed earlier, a reduction in the flap-vane natural frequency 
results in a reduction in the amount of alleviation attained. Comparison of 
the results from different configurations, however, should indicate the rela- 
tive merits of the configurations because each one had a high level of friction. 

Another reason for considering only the relative merits of the different 
configurations in these tests was the mounting system. At the conclusion of 
these tests, it was discovered that one of the guides in the system had not 
been installed. The mounting rod was, therefore, in contact with the metal 
housing in the mount, and this contact caused some increase in friction in the 
vertical translational degree of freedom. However, these tests were primarily 
for comparison of different control surfaces. This shift in the friction level, 
therefore, is not considered significant because it affected all vertical 
response measurements equally. 

Pitch rate response .- The rms pitch rate responses are presented in fig- 
ure 16. The rms pitch rate for the nominal-span flap was greater than that for 
the flaps fixed (unalleviated model), especially at the higher gearing ratios 
where the alleviation of the normal acceleration was the greatest. This result 
is consistent with that of reference 2. 
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The other two flap span configurations generally had less pitching response 
than the unalleviated model. The full-span flap is slightly superior to the 
mid-span flap in this respect. The mid-span flap probably pitched less because 
of a reduction in the flap downwash on the horizontal tail. In the same manner, 
the full-span flap caused a relative decrease in the flap downwash for a given 
change in pitching moment due to change in wing camber as the flap deflected. 

This relative change could be considered either as a decrease in the flap down- 
wash or as an increase in the magnitude of the negative flap pitching moment. 

Both of these changes have been shown theoretically to reduce the pitching response. 
(See ref. 4 . ) 


Effect of Articulation 


Quasi-static flap response .- The effect of articulation on the flap gain 
is presented in figure 17. The flap gain K without articulation is greater 
than K with articulation, probably because articulation increases the flap 
hinge moment due to flap deflection. It should be realized that the effective 
flap deflection is about 50 percent greater with articulation than without artic- 
ulation because 6f> is defined as the rotation of the forward section of the 
flap only. The change in lift with flap deflection for configurations 


with articulation should, therefore, be larger than for configurations without 
articulation. The larger results in a larger vertical static alleviation 


factor Ky for a given flap gain (eq. (2)). The difference in the vertical 
static alleviation factor, which is more fundamental than the flap gain in deter- 
mining the level of alleviation, thus is not as large as might be inferred from 
figure 17. 


Normal acceleration response .- The rms normal acceleration response with 
and without articulation is shown in figure 18. The alleviation (reduction in 
response) attained without articulation for the lower gearing ratios (below 
about 0.8) is more than the alleviation with articulation, whereas for higher 
gearing ratios (above 0.8), the opposite is true. The optimum gearing ratio for 
maximum alleviation for the nominal-span flap without articulation is about 0.6 
or less, which agrees well with results in reference 2 for a similar configura- 
tion. The optimum gearing ratio for maximum alleviation for either articulated 
configuration does not appear to have been reached at the largest gearing ratios 
tested. However, the alleviation at the largest gearing ratio with articulation 
was greater than the alleviation achieved for the optimum gearing ratio without 
articulation. 


Larger gearing ratios were not tested because the flaps became very dif- 
ficult to trim due to the increased sensitivity to small changes in angle of 
attack. This difficulty occurred largely because of the crude mechanism for 
trimming the flap; the full scale airplane should be easier to trim. Larger 
gearing ratios probably would not have increased the alleviation significantly 
in any case because full static alleviation was probably being approached for 
the gearing ratios already tested. 
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There are counteracting characteristics which determine the amount of alle- 
viation which can be achieved with and without articulated flaps. Articulated 


flaps should be more effective /larger 




and this characteristic should 


increase the alleviation (eq. (1)). However, articulated flaps should also 
have a larger hinge moment a larger reflected moment of inertia, and 


greater friction because of the additional motion of the aft section of the 
flap. These last three characteristics should slow the flap response (or reduce 
the flap natural frequency, see eq. (1)) and should, therefore, reduce the alle- 
viation which can be achieved. In these tests, the beneficial effect of the 
increased effectiveness evidently outweighs the detrimental effects of the 
increase in hinge moment, inertia, and friction because the articulated con- 
figurations achieved the most alleviation. 


It could be argued that these tests indicate that a much higher level of 
alleviation would have been achieved if the friction had been at the same level 
as that which was evidently obtained in reference 2. Thirty-percent normal 
acceleration alleviation was obtained in those tests for the nominal-span flap 
without articulation vrtiile only 13 percent was achieved in the present tests 
for a similar configuration. If this difference is assumed to result entirely 
from friction, the nearly 30-percent alleviation obtained in the present tests 
for the articulated configurations would extrapolate to nearly 70-percent alle- 
viation in the absence of excessive friction. Although this exact figure is 
questionable, some Increase in alleviation should be expected if the friction 
were reduced. Additional tests are needed to determine the actual alleviation 
obtainable under more ideal conditions. 


Pitch rate response .- A comparison of the rms pitching rates with and with- 
out articulation is shown in figure 19. These data show no consistent, obvious 
effect of articulation on the pitch rate response. 


Use of Mini-Elevator Interconnection 

Only one configuration (nominal-span flap with articulation, gearing ratio 
of 1.05) was tested using the mini-elevator. In the following table the results 
of those measurements are compared with a similar configuration without the 
mini-elevator: 


Response 

Without interconnection 

With interconnection 

K 

2.46 

2.74 

dn/a^g, g /m/sec 

.0468 

.0391 

dq/Owg, deg/sec/m/sec 

1 .28 

.963 


Surprisingly, the value of K with the interconnection is larger than 
without the interconnection. It was expected that the effective hinge-moment 
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coe fficient 



would be increased by adding the mini-elevator hinge moment. 


The probable reason for the difference is the* low accuracy of the measurements. 
However , the wing-flap downwash on the horizontal tail and mini-elevator could 
actually lower the effective • 


The mini-elevator reduced both the rms normal acceleration and pitching 
responses as predicted in reference 4. The reduction seems to be real although 
whether the difference is worth the additional mechanical complexity in imple- 
menting this system is questionable. 


CONCLUDING REMARKS 

The maximum level of normal acceleration alleviation attained in these 
tests was 30 percent or the same as that achieved in reference 2 with a simpler 
configuration. However, higher levels of alleviation would probably have been 
attained in the present tests if the level of mechanical friction were reduced 
to the level that apparently existed in previous tests. Additional tests are 
needed to determine the exact amount of alleviation possible. Although the 
normal acceleration response was not reduced as much as expected, the pitching 
response was reduced - to a level below even the unalleviated condition. The 
pitching responses obtained in the previous tests were much larger for the alle- 
viated conditions than for the unalleviated conditions. 

Flap span had the predicted effect on the gust responses. Full-span and 
mid-span flaps seemed to have lower normal acceleration and pitching responses 
than the nominal-span flap. 

Articulation of the flaps increased the effective hinge moment and thus 
reduced the normal acceleration alleviation for low flap-vane gearing ratios. 

At higher gearing ratios articulation provided more alleviation than was 
obtained for the plain flaps with their optimum gearing ratio. 

The interconnection between flap and mini-elevator, as expected, reduced 
both the normal acceleration and pitching responses. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
January 24, 1978 


12 



REFERENCES 


1, Stewart, Eric C. : An Analytical Study and Wind-Tunnel Tests of an Aerome- 

chanical Gust-Alleviation System for a Light Airplane. NASA TN D-823^ , 
1976. 

2, Stewart, Eric C. ; and Redd, L. Tracy: A Comparison of the Results of Dynamic 

Wind-Tunnel Tests With Theoretical Predictions for an Aeromechanical Gust- 
Alleviation System for Light Airplanes. NASA TN D-8521, 1977. 

3, Roesch, Phillippe; and Harlan, Raymond B. : A Passive Gust Alleviation System 

for a Light Aircarft. NASA CR-2605, 1975. 

H. Stewart, Eric C. : Discussion of an Aeromechanical Gust Alleviation System 

To Improve the Ride Comfort of Light Airplanes. [^Preprint] 750544, Soc. 
Automot. Eng., Apr. 1975. 

5. Gilman, Jean, Jr.; and Bennett, Robert M. : A Wind-Tunnel Technique for Mea- 

suring Frequency-Response Functions for Gust Load Analyses. J. Aircraft, 
vol. 3, no. 6, Nov. -Dec. 1966, pp . 535-540. 


13 



TABLE I.- MODEL SCALING CHARACTERISTICS 


[^Geometric scale factor is X = 1/6] 


(a) Model characteristics and test velocity 


Parameter 

— 

Scale factor 
formula 

Nominal 

factor 

Model 

value 

Airplane (scaled to 
model size) 

m, kg 

X3 

0.00U63 

5.65 

4.83 

ly, kg-m^ 

X5 

.000129 

.34 

.23 

V, m/sec 

Xl/2 

.408 

22.0 

322.0 


(b) Model response scale factors 


Parameter 

Scale factor 
formula 

Numerical 

factor 

Time , sec 

Xl/2 

0.408 

Frequency, Hz 

X-1/2 

2.45 ‘ 

Pitch angle, rad 

1.0 

1.0 

Pitch rate, rad /sec 

1 

ro 

2.45 

Flap angle, rad 

1.0 

1.0 

Normal acceleration, g units 



1.0 

1 .0 


® Approximate cruise velocity. 





TABLE II.- MEASURED BREAKOUT FRICTION IN FLAP-VANE SYSTEM 

[bearing ratio = 0.92^ 




Span 

Articulation 

Mini-elevator 

Measured torque, 
cm-N 

Full scale torque, 
cm-N 


Aa, 

Nominal 

Yes 

No 

1.90 

2460 



Pull 

Yes 

No 

3.69 

4780 



Nominal 

Yes 

Yes 

2.45 

3170 

2.4 

.8 

Mid 

Yes 

No 

1.21 

1560 

1 .2 

■ 

Mid 

No 

No 

.79 

1030 

.8 

H 

Nominal 

No 

No 

1.48 

1920 

1.5 

B 


^■Estimated flap deflection required for the aerodynamic hinge moment 
^IpVSfCfC^g ^*^fj overcome the breakout friction. 

'^Assuming K = = 3 . 

Aa 
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Flap (deflected position) 
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Mounting rod 
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Figure 2.- Photograph of model mounted in test section with mini-elevators 

linked to flaps. 






Pitch pivot poinP 
(center of gravity) 





Inboard Middle Outboard 

section section section 
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Figure 4.- Detailed view of vane(s). All dimensions are in cm. 
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Figure 5.- Photograph of vane system in deflected position showing dihedral 

and incidence degrees of freedom. 
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Figure 6.- Detailed view of inboard flap. All dimensions are in cm. 




Figure 7.- Detailed view of outboard flap. All dimensions are in cm 
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Figure 8.- Photograph of articulation mechanism. 








Note: (1) A zero gearing ratio indicates 
the vanes and flaps were not 



‘I ‘sjXB de|j 
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Figure 9.- Total moment of inertia about flap axis as function of gearing ratio. 


27.79 



Figure 10.- Mini-elevator configuration. All dimensions are in cm. 




Note: Circle around point 
indicates use of flap to 
mini-elevator Interconnection 



Flap angle, deg 



Flap span Articulation Vanes 1 Mini -elevator 
Nominal Yes Small No 



Figure 13-- Flap gain K as function of gearing ratio 







Flaps fixed 
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Figure 14.- Effect of flap span on predicted root-mean-square (rms) 
acceleration response for full-scale airplane in atmospheric tur 
based on model measurements. 


Nominal-span flaps; no articulation; small 
vanes; no flap to mini-elevator interconnection; 
gearing ratio = 0. 62 



Time, seconds 


(a) Flap response (present tests, high friction). 


Nominal-span flaps; no articulation; small 
vanes; no flap to mini-elevator interconnection; 
gearing ratio = 0. 52 

10 

deg q 
-10 



i I 

0 50 100 

Time, seconds 


(b) Flap response (ref. 2, low friction). 

Figure 15.- Comparison of effects of friction on typical time history response 

of flap during sinusoidal sweep. 
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Flap span Articulation Vanes Mini-elevator 

Nominal Yes Small No 

Mid . Yes Small No 



Figure 16.- Effect of flap span on predicted root-mean-square (rms) pitch- 
ing rate of full-scale airplane in atmospheric turbulence based on model 
measurements . 





Flap span Articulation 
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Figure 17.- Effect of articulation on flap gain 





Flaps fixed 
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Figure 18.- Effect of articulation on predicted root-mean-square (rms) normal 
acceleration response for full scale airplane in atmospheric turbulence 
based on model measurements. (Data points refer to flap spans with and 
without articulation . ) 



Flap span I Articulation Vanes iMini-elevator 

o Nominal Yes Small No 

n Mid Yes Small No 

to Nominal No Small No 


NO 
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Figure 19.- Effect of articulation on predicted root-mean-square (rms) pitching 
rate response for full-scale airplane in atmospheric turbulence based on 
model measurements. 
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